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Abstract 
Army base camp planning is a complicated process involving many variables and optional facilities. The facilities can also vary 
in size and resource utilization depending on permanency of the base, local resources, and population on the base. Each level of 
facility is modeled and placed into a library database. All of these facilities must be distinguishable for planners to come in and 
export the correct facility based on the mission. The first method involves separating the different levels into packages so just the 
package could be exported. The issue is not all facilities will fit correctly. The second method is creating a stereotype with
relevant tag definitions in the SysML tool to apply to the facility blocks. It allows minimum and maximum requirements for the 
facility to be displayed. This method is the start to creating a custom profile for base camp planning in SysML. 
© 2011 Published by Elsevier B.V. 
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1. Introduction 
In Army Base Camps, facilities can have multiple variations, or tiers, as they will be called in this paper. The tiers 
depend on the permanency of the base, location of the base, and the population of the base. Population is one of the 
more influential of the variables. Each tiered facility requires different amounts of resources from the utilities. In a 
model-based systems engineering (MBSE) approach, each facility tier is modeled separately and added into a library 
database. It helps to have a way to differentiate the facility tiers so that, when planning, all structures of the same tier 
can be searched through and loaded into the full system model. There are a couple methods for differentiating the 
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structures. Section 2 of this paper will provide some background on Base Camps and MBSE. Section 3 and 4 will 
cover the methods used. Finally, section 5 and section 6 will discuss the methods used and talk about some possible 
future work in this area. 
2. Background 
Base Camps. Base camps are categorized under either permanent or contingency. Permanent basing is used 
when a long term presence of strategic forces is expected. Contingency basing is used for short-term contingency 
operations. Planning is more difficult for contingency bases because size and location are specified as the operations 
proceed [1].  
Permanent bases come in three main sizes, or roles: Main Operating Base (MOB), Forward Operating Base 
(FOB), and Cooperative Security Locations (CSL) [1]. The MOB consists of the most permanently-established 
structures and support facilities, and has the largest number of soldiers to support. Inversely, the CSL are likely to 
have no permanent US personnel, and a simple infrastructure with little to no luxuries. Finally, the FOB represents 
a scalable version of the MOB. It can range in size from a couple dozen up to a couple thousand. Contingency 
operations have similarly scaled sizes, but are temporary in terms of construction. 
The facilities of a base camp can be broken into four categories: living, support, operations, and utilities. Living 
provides the soldiers with the basic necessities like housing, showers, dining, etc. The support facilities are not 
necessary for everyday survival but help with the day-to-day life of the soldiers. They include recreation, chapels, 
activity centers, barbers, and so on. The operational facilities provide space for the soldiers’ military operations.  
Headquarters and offices are provided for each Task Force, Brigade, Battalion, or Company. The motor pool and 
aviation facilities are also included in this category. Finally, the utility facilities support electrical power, 
heating/cooling, potable water, waste water, and solid waste. 
Each facility can have different construction variations depending on the number of soldiers on base. For this 
paper, we will look at the dining facilities. A tier 1 dining facility would be for a soldier population on the low end 
of the range, a couple dozen. It would require little to no utilities as it would consist of a picnic table and eating 
MREs (Meal, Ready-to-Eat). The main utility would be solid waste treatment for the packaging of the food and 
drinks. A tier 2 dining facility starts requiring more resources. The structure may resemble a simple structure, or 
tent, that has lighting and some cooking appliances.  This tier level will also start requiring additional personnel to 
cook and serve the food.  A tier 3 dining facility, and highest level for this exercise, will increase the number of 
resources required from tier 2.  The interior of the facility now has an environmental control unit for heating and 
cooling. Also additional personnel and cooking appliances are brought in to deal with the additional soldiers they are 
supporting.  In some cases, these dining facilities could be restaurants.   
Model-based systems engineering (MBSE). MBSE is an emerging field within systems engineering. It moves 
the typically document-centric system into a single, cohesive model [2]. Advantages of this method are better 
communication between people working on different subsystems, enhanced design integration and the ability to 
easily reuse designs.  MBSE supports the analysis, specification, design, verification, and validation of complex 
systems. These complex systems could include hardware, software, personnel, procedures, and facilities [2]. An 
Army base camp can clearly be represented as a complex system.  Each facility performs a different function, and 
requires different interfaces and loads from the utilities. Internally to the system, the number of soldiers present will 
always be in fluctuation.  Externally, the environment, or possible hostile activities, will change from day-today. 
With MBSE, the system model can evolve and be refined using model-based tools, and many scenarios can be 
analyzed before construction starts. Systems Modeling Language, or SysML, is the general-purpose graphical 
language used to support MBSE [2]. The language helps with architecting systems and specifying the components of 
the system by representing structural composition, behavior, constraints, allocations between the three previous 
representations, and requirements [2].   
In this paper, the focus will be on the structural component, SysML blocks.  A block is a modular unit that
describes a system, system component, or some other element. It allows for the modeling of systems as “trees of 
modular components” [3]. Interactions between blocks are represented through ports and flows. For example, the 
flow of electricity can be modeled as being produced from the generator and consumed by a certain facility, or even 
by a certain light bulb within the facility depending on the fidelity of the model desired. Blocks are further defined 
through properties including parts, value properties, references, and constraint properties. The value properties are 
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used to express quantifiable information about a system. A dining facility block can contain a value property on the 
amount of potable water that is required to operate the facility. It is up to the modeler to determine the units of the 
value. The language is flexible enough that it allows the modeler to define new units, like gal/day or gal/soldier, by 
creating a new value type. In the actual Base Camp model, the volume of water consumed by a facility is based on 
the square footage of the facility. In this paper, however, notional values are used to demonstrate that different 
facility tiers will have different input/output values.  
3. Separation through packages 
The simplest and quickest method for separating the facility tiers is by placing blocks in their respectively tiered 
packages, as in figure 1. First, create a package for the first tier. Then, create blocks for the facilities including their 
value properties. When this is finished, the package can be cloned and renamed into another tier level. The final step 
is altering all the value properties to reflect the correct information per tier level. 
Figure 1. Facility levels separated through packages. 
The value properties are used to measure any quantifiable unit. In this example, manpower is the number of 
personnel required to run the facility in addition to the soldiers they are providing for. So a tier 1 dining facility 
requires no personnel while tier 2 and tier 3 facilities require 3 and 15 personnel, respectively. The advantage of 
having the tiers separated into packages is the packages can be exported and imported into new basecamps that are 
being planned. The planner determines which tier would be used based on the number of soldiers and imports the 
package from a database. The base camp is essentially all there, and only minor alterations may need to be 
performed.  
The problem with this approach is that not every facility will fit nicely in a package. The housing facility may 
only require two tiers, a tent and a prefabricated structure. The real calculation of the required utilities would come 
from the multiplicities of the tents or prefab structures. There would also be redundant housing blocks in tiers 
greater than level two, since any of those facility blocks would contain the same value properties as the tier 2 block. 
Another problem is where a 2nd tier level of a structure may start being used when other structures have 3rd tier 
levels already in use, based on the number of soldiers. A 2nd tier housing facility may start around 500 soldiers, 
where a 3rd tier dining facility would start around 300 soldiers.
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4. Separation with domain-specific profile 
A method to circumvent the problems with tiered packages is creating a domain-specific profile to apply to 
blocks. Creating a new profile is a common method to use when more domain-specific information is wanted on the 
model as seen in [5] and [6]. SysML is actually a profile for UML to help extend it beyond the software domain [2]. 
A profile is a kind of package of stereotypes and tag definitions. Stereotypes are specific metaclasses, and tag 
definitions are properties of a stereotype [4]. A stereotype would be like a block (a sysML stereotype that extends 
UML’s class), and a tag definition would be the value property. In order to use tags, they have to be linked to a 
stereotype, and the stereotype applied to a model item or items, as shown in figure 2. A stereotype called ‘Facility’ 
and two tags, ‘MinSoldiers’ and ‘MaxSoldiers’, are created in order to specify a minimum and maximum number of 
soldiers that a certain level of facility can handle. In addition, the new stereotype also allows a planner to specify 
that the block is a facility, rather than a utility or structure. 
The first step is to create a new stereotype and link it to the ‘Class’ model item. In the stereotype properties, 
allow it to be browsable and shown on all diagrams. Next, create two new tag definitions and link them to the new 
stereotype. Now the blocks are created in the same package.  Again, the dining facility is used for the example in 
figure 3. The blocks must have different names if they are in the same package. The final step is to apply the 
‘Facility’ stereotype to the blocks you wish to have the ‘Facility’ stereotype which is all three Dining Facility blocks 
in this case.  When you apply the new stereotype, a new tab in the properties displays the two tag definitions and a 
way to input their values. In order to get the min and max soldiers to display on the diagram, the respective 
compartments are selected and toggled on in the style options. Now the tiered facility options can be displayed so 
planners are able to see the different facilities available and how many soldiers each supports.  
<<metaclass>>
Class
<<stereotype>>
Facility
<<tag>>
MaxSoldiers
<<tag>>
MinSoldiers
apply
Figure 2. Linking the new stereotype and its associated properties.
Figure 3. Dining facilities with new tag definitions.
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5. Discussion 
When planning Army base camps, it helps to distinguish between the different levels of facilities available. Each 
level requires different sets and amounts of resources. The thought behind this research is that all the facilities are 
placed in a model library where facilities are chosen based on the population of the Base Camp. There would be a 
set of required facilities and optional facilities. Those choices could then be placed into a simulation tool for analysis 
and further refinement of the facilities and their properties. 
The first method to distinguish the facilities groups them by level into packages. It is a simple approach that 
would make selection easy, but not all types of facilities fit nicely into packages. The second method requires more 
work, but is beneficial considering the future work to be done. This method creates a stereotype with associated 
properties, or tag definitions, which applies to the ‘block’ model item. It allows a range of supported troop 
populations to be designated on the different levels of facility blocks.  
With the second method, a planner can make better use of the XML Metadata Interchange (XMI). All 
components of a SysML model can be represented as metadata, and XMI is the standard for sharing the information 
in the widely used XML format. Patel, et al. [7] goes further into using the XMI format to allow for executing 
SysML models. The information can also be transformed for use by Modelica, as shown in [8]. The stereotypes 
allow for easier identification of components the planner would like to grab, see figure 4. Each component is given a 
unique ID. The idea is that a program would be given an initial soldier population. It would then look through the 
facilities and pick out the ones that support the specified population and save the ID. The ID would then be used to 
find the utility properties of that specific block.  
This would be iterated since facilities require manpower to run them, which is an increase in population. When 
the population reaches a steady state, the required facilities and their utility consumption/production values are 
imported into a simulation tool. The benefit of using XMI is that information and values about the facilities can be 
altered in the simulation tool, altered in the XMI file, and then updated in the SysML model to reflect those changes. 
For example, the housing multiplicity could be increased from 20 tents to 40 tents because the planner wanted to 
simulate housing for the possibility of surge troops. In the SysML model, the multiplicity value of the housing block 
would update to 40.  
Figure 4. Matching IDs for referencing in the XMI file.
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6. Conclusions and Future Work 
Only two methods are presented in this paper, however, they are not the only methods. An advantage of SysML 
and systems engineering is that there is not one definitive way of working through a problem. For example, the min 
and max number of soldiers could be added to the blocks using value properties. However, creating stereotypes 
appears to be the most beneficial since it further defines the blocks and allows for more customization through the 
use of tag definitions. 
The future work include refining the stereotype and tag definitions to better represent what is needed in the base 
camp planning process, eventually creating a profile for base camps. The other stereotypes could include utilities 
like power generation, structures like fencing, or vehicles that require resources while inside the camp. The eventual 
goal is to have the process automated. The planner would input the initial number of soldiers and the program would 
pick out the structures that are required and optional. It would then add in the additional support personnel and run 
through the process again until a steady state is reached. The planner is now left with a model containing the correct 
size of required and optional facilities. 
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